The aim of the present study was to assess the impact of fortified food (FF) consumption on overall dietary quality in Irish adults. Data for this analysis was based on the North/South Ireland Food Consumption Survey which used a 7 d food diary to collect food and beverage intake data in a representative sample of 1379 Irish adults (662 men and 717 women) aged 18-64 years. Foods contained in the database that are fortified were identified from the presence of vitamins and/or minerals in the ingredient list on the label. The results showed that an increased level of FF consumption was associated with lower intakes (percentage food energy) of total fat and saturated fat (women only) and higher intakes of total carbohydrate, total sugars (but not added sugars) and starch. Increased consumption was associated with a more micronutrient-dense diet and a reduced prevalence of dietary inadequacies of Ca, Fe, riboflavin and folate, particularly in women. Higher FF consumption was associated with higher intakes of fruit, lower intakes of alcohol and a lower likelihood of smoking in men and women. Thus it appears that FF consumption is a marker of both better dietary quality and healthy lifestyle behaviours. Fortified foods: Macronutrient intakes: Dietary recommendations: Micronutrient adequacy * Corresponding author: Professor Albert Flynn, fax þ 353 21 4270244, email a.flynn@ucc.ie
In Ireland and in the UK, the voluntary addition of vitamins and minerals to foods has been permitted for many years and a significant number of foods and beverages are now fortified (1 -3) . However, practices of voluntary fortification vary widely among European Union countries, partly due to different regulatory environments. A European regulation on the addition of vitamins and minerals to foods has been adopted which harmonises legislation throughout member states of the European Union (4) . This has stimulated a wide-ranging debate on the benefits and possible risks of voluntary fortification.
Studies in Ireland (5, 6) , Germany (7) and in the USA (8) have shown that voluntary fortification of foods makes an important contribution to adequacy of micronutrient intakes in these countries. Addition of micronutrients to fortified ready-to-eat breakfast cereals (RTEBC) has been reported to contribute significantly to the intakes of several micronutrients in different population groups in a number of countries (9 -16) . A number of studies have also shown an association between fortified breakfast cereal consumption and replacement of food energy from fat with food energy from carbohydrate in adults (16 -19) and adolescents and children (9,12 -15,20) . Some studies have shown that fortified breakfast cereal consumption is associated with an increased fibre intake in both adults (18, 19) and adolescents (13) .
Concerns about the practice of food fortification have been raised in a number of papers. These concerns focus on the risk of excess intake of micronutrients (21 -23) and on a possible adverse effect on overall dietary quality (22, 23) . We have previously reported that the small proportions of fortified food (FF) consumers (0·1 -2·2 %) who had mean daily intakes (MDI) of folic acid, vitamin B 6 , retinol, Ca, Zn and vitamin E that exceeded the tolerable upper intake level was mainly due to nutritional supplements and was not affected by fortification (6) .
The aim of the present study was to assess the impact of level of FF consumption on overall dietary quality among Irish adults.
Methods
The food consumption and nutrient intake database This analysis was performed using data from the North/South Ireland Food Consumption Survey (24, 25) , which collected food intake data in a representative sample of 1379 adults aged 18 -64 years (662 men and 717 women) in the Republic of Ireland and Northern Ireland from 1997 to 1999. Pregnant and lactating women were excluded. A 7 d estimated food diary was used to measure food intake and a database of habitual food and drink consumption was established. A more detailed account of the methodology of the survey (26) and the sampling procedure (27) is provided elsewhere.
Food records were analysed using WISP q (Tinuviel Software, Llanfechell, Anglesey, UK). WISP q uses McCance and Widdowson's Composition of Foods 5th Edition (28) and supplemental volumes (29 -37) as a food and nutrient database, along with additional data (including analysed recipes of composite dishes, manufacturers' data on generic Irish foods, new products that were commonly consumed and nutritional supplements) to determine nutrient intakes. The data handling, processing and quality-control procedures used in the construction of the food consumption and nutrient intake database have been described in detail elsewhere (26) .
Identification of fortified foods
Foods contained in the database that are fortified were identified from the presence of vitamins and/or minerals in the ingredient list on the label. For the purposes of this paper 'fortification' refers to the voluntary addition of micronutrients by food manufacturers, which is identified in product labelling and excludes (semi) mandatory addition of micronutrients to foods (for example, vitamins A and D to fat spreads and low-fat milk) to ensure 'nutritional equivalence' and vitamins and minerals added to flour for the purposes of 'restoration'. These are considered 'indigenous' for the purposes of this discussion. The nutrient composition data were revised for many FF (for example, many of the RTEBC) using up-to-date manufacturers' data. New FF were assigned new food codes with corresponding nutrient composition data from manufacturers.
Foods and beverages in the database that were fortified included RTEBC, fruit juices, squashes and cordials, carbonated beverages, milks, other beverages, breads, non-chocolate confectionery, savouries and miscellaneous foods.
The food consumption database generated from the survey listed each individual food item as consumed by each respondent, together with the nutrient composition for the quantity of each food consumed. Overall, 2914 different foods (as well as 146 nutritional supplements) were recorded as consumed, fifty-four of which were FF. Respondents who consumed a FF at any time during the 7 d of recording were classified as FF consumers. Tertile analysis was used to divide men and women separately into low, medium and high consumers of FF on the basis of mean daily energy intake from FF.
Socio-demographic, and health and lifestyle characteristics
Self-administered questionnaire data were obtained on sociodemographic factors and health and lifestyle parameters. The division of the sample into social class groups was based on the respondents' occupation (including last main occupation for those not working or retired) or, if the respondent was not the head, the head of household's occupation. All subjects were classified according to the Central Statistics Office, Census 96 Occupations (38) .
Nutritional supplement consumption was recorded by the respondent in the 7 d food diary. Respondents who consumed a supplement at any time during the 7 d of recording were classified as supplement users.
Definition of added sugars
Added sugars are sugars and syrups that are added to foods during processing or preparation (39) .
Comparison with dietary recommendations
The percentage of individuals exceeding the maximum recommended alcohol units per week (men twenty-one units; women fourteen units) (40) was also calculated.
Adequacy of micronutrient intakes
The method of assessing adequacy of micronutrient intakes using the average requirement (AR) has been described in detail in the study by Hannon et al. (6) .
Under-reporting of food intake
As with any dietary survey where food intake is self-reported there is evidence of misreporting, in particular, under-reporting, in this survey (41) . The prevalence of inadequate intake of nutrients was calculated both including and excluding underreporters of energy intake, identified as having an energy intake:BMR ratio of less than 1·05 (42) . Under-reporting leads to an overestimate of the prevalence of inadequate intakes. The analysis in the present study was carried out both including and excluding under-reporters of energy intake. The percentage of under-reporters (20 % of total sample) was higher in nonconsumers (20 % in men and 28 % in women) than in consumers of FF (13 % in men and 22 % in women). The prevalence of under-reporting was similar across the different levels of FF intake. The data presented includes under-reporters, as removal of under-reporters did not change the overall results observed in the association of FF consumption with intakes or adequacy of micronutrients, or intakes of macronutrients, fibre and fruit and vegetables.
Statistical analysis
Data were analysed using SPSS w version 14.0 for Windowse (SPSS Inc., Chicago, IL, USA). Tertile analysis was used to divide men and women separately into low, medium and high consumers of FF. To assess associations between percentages of non-, low, medium and high consumers of FF in different categories, x 2 analysis and Pearson's x 2 were used. One-way ANOVA with post hoc multiple comparisons was used to determine significant differences in means between types of FF consumers.
Results
Overall, 66 % of individuals (65 % of men and 68 % of women) were consumers of FF. Mean daily energy intake from FF (MJ and percentage total energy) was 0·13 MJ/1·3 % (low), 0·35 MJ/3·6 % (medium) and 0·83 MJ/7·0 % (high) in men, and 0·11 MJ/1·4 % (low), 0·31 MJ/4·3 % (medium) and 0·72 MJ/ 9·3 % (high) in women. In men and women there was a higher proportion of 18-to 35-year-olds and a lower proportion of 51-to 64-year-olds in the consumers of FF compared with non-consumers (Table 1 ). In the managerial, professional and technical social class there was a higher proportion among consumers than non-consumers, particularly in women (Table 1) . For both men and women the percentage current smokers decreased and the percentage non-smokers increased with increasing consumption of FF. Supplement use tended to increase in both men and women with increased consumption of FF but this increase was not significant (Table 1) . Table 2 presents mean daily energy and macronutrient intakes for men and women by tertile of energy intake from FF. In men, MDI of energy, protein, fat and carbohydrate (total sugars and starch) were significantly higher (P,0·05) in high compared with non-, low and medium consumers. In women, mean daily energy and protein intakes were significantly higher (P, 0·05) in high compared with non-consumers while for total carbohydrate, total sugars and starch, MDI were significantly higher in high compared with non-, low and medium consumers. When expressed as percentage food energy, total fat intake decreased, with a corresponding decrease in the intakes of saturated (women only), monounsaturated and polyunsaturated fats and intake of total carbohydrate, total sugars and starch increased with higher consumption of FF. In men and women mean daily alcohol intake was significantly higher (P, 0·05) in non-consumers compared with high consumers ( Table 2) .
In Table 3 , MDI of NSP (g/d and g/MJ per d) are reported for both men and women by tertile of energy intake from FF. High consumers in men and women had significantly higher (P,0·05) mean daily NSP (g/d) intakes than non-, low and medium consumers. In men and women nutrient density for NSP was highest among high consumers of FF (Table 3) . Table 4 presents mean daily fruit and vegetable intakes by sex and tertile of energy intake from FF. In men and women high consumers of FF had the highest intakes of fruit but there was no association of vegetable intake with level of FF consumption.
In Table 5 , MDI of Na (g/d and g/MJ per d) and salt (g/d) and the percentage contribution of fortified foods to Na intakes are reported for both men and women by tertile of energy intake from FF. In men and women (except non-consumers in women), salt intake from food (excluding salt added in cooking and at the table) exceeds the recommendation for total salt (6 g). Salt and Na intake was significantly higher (P,0·05) in high consumers of FF in comparison with non-consumers. The percentage contribution of fortified foods to Na intakes for the different FF groups ranged from 1·5 to 5·6 % and significantly increased (P, 0·05) across the tertiles for both men and women. When adjusted for energy intake, Na intake was higher in high consumers than in nonconsumers of FF; however, Na intake did not increase with level of FF consumption.
In Table 6 (40) , the percentage of Irish adults with intakes of alcohol below the recommended maximum intake levels by sex and tertile of energy intake from FF are reported. The percentage exceeding the recommended maximum level of alcohol was lower in high consumers than in non-consumers of FF (men only) but there was no significant association with increasing consumption of FF.
In Table 7 mean daily micronutrient intakes per 10 MJ total energy are reported for both men and women by tertile of energy intake from FF. With increasing consumption of FF, MDI (per 10 MJ) of Ca, Fe, riboflavin and folate increased in men and MDI (per 10 MJ) of Ca, Mg, P, Fe, niacin, vitamin B 6 and folate increased in women ( Table 7) . Intakes of Cu, thiamin, biotin, pantothenate, Zn and vitamins A, D, E, C and B 12 were also analysed but there was no increase in intakes of these micronutrients as FF consumption increased.
Table 8 (43) presents the percentage of men and women with MDI of micronutrients below the average requirement (AR) by tertile of energy intake from FF. In men and women, the percentage with MDI of Ca, Fe, Cu, Zn, vitamin A, riboflavin, folate and vitamin C below the AR decreased with increasing consumption of FF.
Discussion
The present study analysed the impact of FF consumption on nutrient intakes, compliance with the dietary recommendations for alcohol and adequacy of micronutrient intakes.
The results of this analysis show that an increasing consumption of FF was associated with a lower percentage of food energy intake from total fat, as well as SFA, MUFA 
%FE, percentage food energy. a,b,c Mean values within a row with unlike superscript letters were significantly different between categories of fortified food consumers in men and women (P, 0·05). and PUFA, and a higher percentage of food energy intake from total carbohydrate, as well as total sugars (but not added sugars) and starch. While there are no studies that have examined the impact of overall consumption of FF on dietary quality with respect to macronutrients in adults, there are a number of such studies for fortified breakfast cereals. In the present study fortified breakfast cereals were the predominant category of fortified foods consumed. Approximately 72 % of FF recorded in the present study were fortified breakfast cereals which contributed 3·8 and 4·8 % of average energy intake in men and women consumers of FF, respectively, compared with the 3·9 and 5·0 % of energy intake from all fortified foods (6) . The analysis of breakfast cereal consumption in the North/South Ireland Food Consumption Survey by Galvin et al. (44) showed an association between increased breakfast cereal consumption and a replacement of energy from fat with energy from carbohydrates and a higher proportion of individuals achieving the dietary recommendations for total fat and carbohydrate.
McNulty et al. (13) reported that an increased consumption of RTEBC was associated with a decreased consumption of fats and a corresponding increase in carbohydrates and starch. Other studies have demonstrated this association between breakfast cereal consumption and a replacement of food energy from fat with food energy from carbohydrate (15, 18, 19) .
The consumption of FF was associated with a more fibredense diet. A number of studies have reported an association between increased consumption of fortified breakfast cereals and increasing fibre intakes (13, 19, 44, 45) . Consumption of FF was associated with higher fruit intakes in men and women. In their analysis of the North/South Ireland Food Consumption Survey, Galvin et al. (M. A. Galvin, M. Kiely and A. Flynn, unpublished results) reported that fruit was twice as likely to be consumed in men and more likely to be consumed in women who consumed a RTEBC breakfast compared with any other breakfast type. Syrette et al. (18) showed that Australian adults who consumed breakfast cereal on a daily basis ate more fruit and vegetables than those who consumed breakfast cereals less frequently.
A higher consumption of FF was associated with increased nutrient densities for most micronutrients investigated. Galvin et al. (44) also found an increase in nutrient densities with increased RTEBC consumption in men and women. Alexy et al. (46) assessed the effects of added sugars and FF on nutrient densities in German children aged 2-18 years and reported that the positive effects of fortification on nutrient densities exceeded the negative effects of added sugar intake for most nutrients, in some cases even twofold. The present results showed that increasing consumption of FF was not associated with increased added sugar intake in men and women.
There was a lower prevalence of inadequate intakes of Ca, Cu, Zn, riboflavin and vitamin C in both men and women and of Fe and folate in women with increasing level of FF consumption. In the case of riboflavin, Fe and folate this was largely due to the addition of micronutrients to FF; for example, riboflavin and Fe, respectively, are added to 87 and 81 % of all FF (6) . For other nutrients (for example, Ca, Cu, Zn) this is due to increased intakes from other foods as these nutrients are either not added to FF or added to only few products. In the case of Ca, the higher intakes and the lower prevalence of inadequacy of Ca intakes associated with higher FF consumption appears to be due largely to the addition of milk to cereals. It has been estimated that on average, an additional 98 g milk was consumed at a breakfast that contained a RTEBC compared with a breakfast that did not (47) . Vitamin C was added to 15 % of all FF and therefore the higher intakes and lower prevalence of inadequate intakes can be attributed in part to fortification and also to higher intakes of other foods (for example, fruit). Berner et al. (8) reported on the contribution of voluntary fortification to vitamin and mineral intakes in the USA between 1989 and 1991. For those aged . 1 year, and excluding intakes from nutritional supplements, fortification increased the median intakes of vitamin A (21 %), vitamin C (24 %), thiamin (12 %), riboflavin (11 %), niacin (12 %), folate (23 %), Fe (14 %) and Zn (6 %), but did not affect intake of Ca. Although the effect of fortification on adequacy of nutrient intakes was not examined, in many cases the added nutrients boosted the 25th percentile or median intakes from below to above the RDA.
Sichert-Hellert et al. (7) investigated 10-year trends (1987-96) in vitamin and mineral intakes from FF in children aged 2-13 years in Germany. Over this period, the percentage contribution of FF to total intakes of vitamins B 1 , B 2 and B 6 , folate, vitamin C and niacin increased from 8-19 % in 1987 to 20-32 % in 1995. There was little change in the contribution to vitamin E intake (about 27-30 %). A follow-up study showed that the contribution of FF to micronutrient intakes reached a plateau or decreased between 1994-6 and 2000 (48) .
Previous studies have demonstrated the positive impact of fortified breakfast cereals on micronutrient intake in the diet of adults (11) and children (13, 15) . Interventions which have examined the impact of milk fortified with vitamin D (49, 50) have produced favourable changes in the serum concentrations of 25-hydroxyvitamin D (25(OH)D) and have helped to reduce the seasonal decline in serum 25(OH)D by greater than 50 % (49) .
Hannon et al. (6) have previously shown that FF consumption in the North/South Ireland Food Consumption Survey was not associated with an increased risk of adverse effects for any micronutrient. Small proportions (0·1 -2·2 %) of FF consumers has MDI of folic acid, vitamin B 6 , retinol, Ca, Zn and vitamin E that exceeded the tolerable upper intake level but this was mainly associated with the use of nutritional supplements or, in the case of retinol, of high liver consumption and was not affected by fortification, which contributed only small amounts to the intakes of these micronutrients relative to their upper intake level.
The present study also analysed whether there was an association between FF consumption and lifestyle factors such as alcohol intake and smoking status. Higher FF consumption (compared with non-consumers) was associated with lower alcohol intake and lower likelihood of smoking in men and women.
Salt intake from food (excluding salt added in cooking and at table) exceeded the recommendation for total salt (40) . Values within a row with unlike superscript letters were significantly different between categories of fortified food consumers in men and women (P,0·05). * Report of the Scientific Committee for Food (43) . of 6 g/d (51) . Intakes of salt and Na (g/d and g/MJ per d) were significantly higher (P, 0·05) in high consumers of fortified foods in comparison with non-consumers. However, when adjusted for energy intake, Na intake did not increase with level of FF consumption, indicating that the observed increases in salt intake with increasing level of FF consumption are related to increasing intake of food energy. The percentage contribution of FF to Na intakes in high consumers of FF was 5·4 -5·6 %, which is less than their contribution to energy (7·0 -9·3 %). This indicates that FF are a relatively minor source of dietary salt, even among high FF consumers, and that the higher intake of salt in high consumers of FF is associated mainly with non-fortified foods.
In conclusion, FF consumption was associated with higher fruit intakes, lower intakes (percentage food energy) of total fat and saturated fat (women only) and higher intakes of total carbohydrate, total sugars (but not added sugars) and starch, a more micronutrient-dense diet and a reduced prevalence of dietary inadequacies of Ca, Fe, riboflavin and folate, particularly in women. The improvement in dietary quality is partly due to the contribution of FF to the diet but also partly due to differences in patterns of consumption of other foods which have yet to be analysed. A higher FF consumption was associated with a lower alcohol intake and a lower likelihood of smoking in men and women. Thus, it appears that FF consumption is a marker of both better dietary quality and healthy lifestyle behaviours.
